Ⅰ. Introduction
In supply chain, among many sectors, a wholesaler or retailer as a buyer purchases the finished product from the manufacturer as a supplier and sells them to customers. The problem between these two sectors has been an important issue. The buyer prefers the flexible order quantities to meet the demand of customers while the supplier wants the fixed orders to make the stable production plan (Frascatore and Mahmoodi, 2008) . This conflict can be resolved by the contract between the buyer and the supplier (Cachon, 2003) . This paper formulates the supply chain contract model with flexible options and fuzzy random variables.
Information between the buyer and the supplier may be shared well or not. The information has been important part in supply chain management (Moon and Kang, 2008; Cho et al. 2007; Suh et al. 2003) . In real environment, the buyer and the supplier do not want to share the information each other unless they have had a good relationship for a long time. However, * Researcher, Kansas State University, gitaekimemail@gmail.com, First Author ** Associate professor, Department of Industrial Information and Management Engineering, GangneungWonju National University, jcking@gwnu.ac.kr, Corresponding Author the contract can be made even if they are new buyer or supplier.
There are several contract types between a buyer and a supplier (Cachon, 2003) . Among them, quantity flexibility contract has been widely used to reduce the risk of fluctuation of demand. This paper considers a decentralized system that the buyer and the supplier aim to achieve their own optimal solutions in two time period. The contract has an option that adjusts the order quantities after the buyer observes the demand revealed.
Due to the uncertainty of customer demand, stochastic programming has been used for the supply chain contract model such as a newsvendor model (Xiong et al., 2011) . The stochastic programs has variables that represent the uncertainty in the objective function or constraints. In addition to that, stochastic programs can make a decision over time period and have been successful for the supply chain models. The variables under uncertainty are described by the probability. The stochastic programs assumes that the probability distribution of the variable is known. The probability distribution is usually derived from the history data. However, when there is lack of history data or the information of data is vague, the stochastic programs is not appropriate (Chen and Ho, 2011) . In this case, experience and managerial subjective judgment is rather accurate. Therefore we apply fuzzy set theory to give the representation for those variables (Zimmermann, 1991 The option in the contract is the right of the buyer to be able to reduce or increase the order quantity at the beginning of the second time period after observing the demand revealed.
With the option contract, the buyer can respond flexibly to the fluctuated customer demand and the supplier can set up more stable production plan. Although reducing the variability of manufacturing in the supplier is an important issue, the paper focuses on the supply chain contract model to consider the coordination between the buyer and the supplier to resolve the uncertainty arising from the customer demand.
For example, the buyer may forecast the demand is 100 in period 1 and 100 in period 2. At the beginning of period 1, the buyer purchases 200 finished products from the supplier. The 100 finished products are delivered to the buyer at the beginning of period 1. The last 100 finished products are supposed to be delivered at the beginning of period 2. However, the demand of customers is uncertain and vague.
If the demand in period 1 is 70, the buyer wants to reduce the amount of purchase for period 2.
On the other hand, if the demand in period 1 is 130, the buyer prefers to increase the amount of purchase for period 2. The option enables the buyer to adjust the amount of purchase within a certain capacity.
The paper is organized as follows. In section Ⅱ, we describe the literature review for the supply chain contract using fuzzy set theory.
The mathematical models for the buyer and the supplier are presented in section Ⅲ and section Ⅳ. The solution algorithm is presented in section Ⅴ. Section Ⅵ shows the experimental results.
In the conclusion, we review the research of this paper.
Ⅱ. Literature review
Supply chain literature of the interaction between two actors which are a buyer and a supplier often focuses on the contracts to coordinate the supply chain (Simchi-Levi and Kaminsky, 2003) . There are a number of contract types (Cachon, 2003) . The wholesale price contract is that the supplier merely charges the retailer a fixed wholesale price per unit ordered.
The buy back contract is that the supplier charges We considers single buyer and single supplier that have their optimization model. The method of defuzzification in this paper is the graded mean integration representation (Chen, 1998) .
Ⅲ. Buyer's problem
The buyer, as a retailer or wholesaler, purchases the finished products from the supplier and sells them to end customers. This paper considers single buyer, single supplier, single commodity, and two time period. We assume that the initial inventory is zero and the probability distribution of the demand of customers is unknown. In order to get a discount arising from large amount of order, the buyer purchases the finished products from the supplier for two time period at the beginning of the first time period and the products are delivered period 1 and 2 separately.
Due to the uncertainty of demand, the buyer may adjust the order quantity at the beginning of period 2 after observing the demand of customer revealed in period 1. This adjustment can be conducted by the contract with the supplier.
The contract is a type of quantity flexibility one.
The buyer purchases an option from the supplier at the beginning of period 1. The option in the contract is the buyer's right to order additional quantities or to reduce the quantities for period 2 at the beginning of period 2. The buyer may exercise the option or not, depending on the demand revealed.
Therefore, the buyer purchases the finished products as well as the option from the supplier at the beginning of period 1. At the end of period 1, the buyer observes the demand and makes a decision of exercising the option or not. The goal of the buyer is to maximize the expected profit which is the revenue minus expenses.
We formulated the buyer's problem with a linear programming model with fuzzy random variable. In this model, the only uncertainty is the demand of customers. Stochastic programming assumes the probability distribution of uncertainty is known. However, sometimes, the probability distribution of uncertainty may be vague or incorrect in reality. Instead, the estimation of the expert can be appropriate such as "demand is about 100" or "demand is not less than 90" or "demand is not greater than 110". Fuzzy set theory is helpful to describe this situation.
Assume that demand is a triangular fuzzy number, the fuzzy number is LR type, and the fuzzy set is normal. Let  be the fuzzy set for demand as
, where   ,      is the fuzzy probability 
where ∈ is the fuzzy variable for demand. 
     ························(2)
The objective of the buyer's model is to maximize the expected profit that is considered as subtracting expenses from revenues.
The revenue of the buyer is as follows.
       Exp

················(11)
The first and second terms in equation (12) are the revenue from the sales in period 1 and 2. We assume there is no backlog at the beginning of the period 1. The last term is that the buyer can return the leftover finished products to the supplier with salvage price at the end of period 2. The expenses of the buyer have three terms of costs as follows.
Constraints (3) and (4) 
Ⅳ. Supplier's problem
The supplier, as a manufacturer, produces finished products and sells them to the buyer.
To produce the finished products, the supplier purchases the raw materials from upstream supplier. Like the finished product in the buyer model, raw materials are purchased for two periods at the beginning of period 1 and are separately delivered in period 1 and 2 without refilling. We assume that the supplier meets all demand from the buyer. The fuzzy linear programming model for the supplier is as follows.
    ·························· (17)
The objective of the supplier's problem is also to maximize the profit. The profit is considered as subtracting expenses from revenues.
      Exp ··· (25) The revenue of the supplier is as follows.
In (26) 
·························(30)
The expenses of inventory consists of holding costs for raw materials and finished products for period 1 and 2. In (29), production costs are labor costs for the amount of productions and the raw materials for both time period are purchased at the beginning of period 1. The return in (30) requires the purchasing and extra transportation costs for the leftover inventory from the buyer.
The constraints (18) and (19) present the inventory of raw materials in period 1 and 2.
The inventory of finished products for each period are shown in the constraints (20) and (21). The constraints (22), (23), and (24) denote the nonnegativity of variables.
Ⅴ. Solution algorithm
The only uncertainty of the model in this paper is the demand of customers. The demand has three scenarios as defined in section 3: low, medium, and high. For the decision making, a unique fuzzy value is required. This paper adopted the graded mean integration representation for defuzzfication (Chen, 1998; Chen and Wang, 2001) . 
···(31)
The graded mean integration representation (Chen and Chen, 2001 ) is then as follows.
·······(32)
With this value, we can find a defuzzified representative of the unique fuzzy number.
Further, for the optimal condition, the expert can assign various scenarios of demand information and get the graded mean representation for each scenario of demand respectively. Then we can find the optimal condition for the problem.
The algorithm for the solution is as follows.
Algorithm (Fuzzy Linear Model for Supply
Chain Contract)
Step 0 Membership function Assign fuzzy probabilities to the demand information by experts
Make the membership function of demand information
Step 1 Initialize parameters
Set all parameters such as prices and costs
Step 2 Solve the Linear Program
Get solutions and objective values for all scenarios
Step 3 Calculate graded mean integration representation Get 
Repeat
Step 2 and
Step 3 for all levels of demand information
Step 4 Solution Decide the solution from the results
The algorithm generates the estimates of optimal solution. We focus on the maximization of the expected profits of the buyer and supplier.
The demand information in period 2 is the fuzzy random variable. Table 3 . Results of the supplier problem.
Ⅵ. Experimental results
the buyer and the supplier were implemented by C++ and CPLEX in C++ was used to solve the problems. The dataset were randomly generated for period 1 and 2.
Experiment of the buyer problem
The parameters of prices and costs are as follows.
The demand are randomly generated some levels with three of scenarios: low, medium, and high. The data set is listed in Table 1 . Table   1 shows the six levels of demand with three scenario values.
We set the medium value of demand 1000 and the other values of low and high demand are randomly generated. With this information, the membership function of demand can be generated by the same way of (31) that for the expected profits. 
Experiment of the supplier problem
The parameters of the supplier problem are as follows.
and      Table 3 shows the results of the expected profits for six levels with three different scenarios. The graded mean integration representations are also calculated with the results.
In the supplier problem, the demand of the buyer problem in Table 1 is used. Some parameters in the supplier model are the same meaning as the buyer problem.
Order quantities of finished products and the amount of options to purchase or to exercise from the buyer are used from the results of the buyer problem.
From the results in section 6.1 and 6.2, the buyer and the supplier aim to achieve their own maximum profits which may be the local optimum in the supply chain.
Considering the coordination, if we depict the profits with  of the buyer, the supplier, and the sum of two profits against each parameter such as option price or exercise price, the area or point of the maximal total profits can be the global optimum in the supply chain. If we extend the experiment with describing the distribution of the profits by exercise or option price, we can find the area or point for the efficient frontier.
Ⅶ. Conclusion
This paper suggested a supply chain contract model with flexible options and fuzzy random demand. Fuzzy set theory can be used to make the model for the supply chain contract between the buyer and the supplier with flexible options when the probability distribution of demand is not appropriate.
In real world, the data for deriving the probability distribution in stochastic programs is not always available. Even if the data is available, the probability distribution may not be accurate.
Therefore, it is difficult to make the successful stochastic programming model with this vague information. In this situation, fuzzy set theory can be used to represent the demand values. An important part is the measure of decision or defuzzification when we use the fuzzy set theory.
This paper adopted the graded mean integration representation method as the one of methods.
In the decentralized supply chain environment, the buyer and the supplier aimed to achieve their own optimal solutions, which results in the local Planning, Forecasting, and Replenishment (CPFR), the efficiency can be improved.
